Material sources of the northern deserts and the Loess Plateau in China are always one of the critical focuses in Quaternary and paleoclimate fields. In this paper, the method of Sr-Nd isotope geochemistry is applied to explore the relationship in material source between the Erdos desert and Chinese Loess Plateau. The ε Nd (0) value of the <75 µm silicate fraction between -11.8 and -17.2 is more positive in the west than in the east, and its 87 Sr/ 86 Sr ratio varies from 0.719218 to 0.714824 without similar characteristics in the Erdos desert. In addition, there are Sr-Nd isotopic differences between different grain-size fractions of eolian sand in the Erdos desert. The coarse-grained fractions mainly originated from local parent rock weathering, but the fine-grained fractions were probably affected by the input of foreign materials. Geographical distribution of Sr-Nd isotopes (especially Nd isotopes) of <75 µm silicate fractions indicates that the input of foreign materials into the Erdos desert decreases gradually from its west to east. The ε Nd (0) (0) values of eolian silicate fractions in the western-central Loess Plateau mostly fall in a very narrow range of -9~-11.5, suggesting a uniform source region. However, there is a large Sr isotope variation resulting from different pretreating methods employed by researchers. The ε Nd (0) and 87 Sr/ 86 Sr values of eolian silicate fractions in the eastern Loess Plateau both change markedly. The differences in Sr-Nd isotopes of eolian silicate fractions between the eastern and western-central Loess Plateau indicate that there are different sources for eolian silicate materials in the two sub-areas. Sr-Nd isotopes, especially Nd isotopes of the <75 µm silicate fractions in the Erdos desert are clearly different from those of eolian silicate fractions in the western-central part, but roughly close to those of eolian silicate fractions in the eastern part of the Chinese Loess Plateau, which shows that the Erdos desert was perhaps a main source for the eastern Loess Plateau but not for the western-central Loess Plateau.
INTRODUCTION
Eolian deposits are widespread in North China, and the eolian deposit in the Chinese Loess Plateau is particularly remarkable for its continuous accumulation and great thickness (Liu, 1985) . Investigations on paleoclimate records of eolian deposits have established many physical, chemical and biological proxy indexes reflecting the East Asian monsoon evolution, and have provided significant evidence for better understanding the East Asian monsoon evolution and its relationship with that the Qinghai-Tibetan Plateau provided loess-sized materials for the Chinese Loess Plateau (Derbyshire et al., 1998; Fang et al., 2004) . The uncertainty of the provenance of eolian deposits prevents a further insight into the formation of the Chinese Loess Plateau and the significance of paleoclimatic proxies.
The Erdos desert is located to the north of the Chinese Loess Plateau. Desert sand is intercalated with loess materials in the transitional zone between the Erdos desert and Chinese Loess Plateau (Dong, 2002) (Fig. 1) . The grain size of loess material gradually decreases and three grain-size belts (sandy loess, typical loess and clayish loess) clearly exist southerly throughout the Chinese Loess Plateau (Liu, 1985) . The Erdos desert seems to be a source area of the Chinese Loess Plateau from information on geomorphology, meteorology and dust storms, and the geologic evidence of desert expansion-contraction (Sun et al., 1999; Sun, 2002) . Previous studies argued that eolian sand came mainly from weathering of parent rock, reworking of underlying eolian sand and fluviallacustrine sediments (Zhu et al., 1980; Dong et al., 1983; Sun, 2000) . The Erdos desert should be an ultimate source region for the Chinese Loess Plateau from this viewpoint. However, a recent study showed that mountain processes (including glacial grinding, tectonic denudation and wind ablation) in the Gobi and mountain regions lying upwind of the deserts have played an important role in producing the desert and loess-sized materials, and deserts served as dust and silt-holding areas rather than dominant producers (Sun, 2002) , which implied that the Erdos desert is only a transferring station of loess-sized material to the Chinese Loess Plateau. Up to now, what role (ultimate source or transferring station, providing loess-sized materials for the whole Loess Plateau or in part) the Erdos desert played in the formation process of the Chinese Loess Plateau is not clear.
Sr-Nd isotope geochemistry has been commonly regarded as a classical method to trace the origin and provenance of minerals, rocks, ore deposits and the evolution of Earth crust in the solid earth sciences (Zhong et al., 2004; Spiegel et al., 2002; Darbyshire and Sewell, 1997; Arakawa et al., 2000) . In recent years, this method has also been widely used in studies of surficial processes including the provenance of desert sand and loess material, and transportation of atmospheric dust. For instance, Sr-Nd isotope geochemical investigations of Chang et al. (2000) suggested that moraine matrices of the surrounding mountains and the Tibetan soils are possible sources for the Taklimakan Desert sands. Liu et al. (1994) pointed out that the Tarim Basin was a source region of the Chinese Loess Plateau by comparing Sr-Nd isotopic characteristics of various sediments from the Tarim Basin and the North Tianshan with those of loess materials from the Chinese Loess Plateau. Pettke et al. (2000) proposed that the silicate fractions from the North Pacific Ocean were controlled by loess-sized materials of central Asian regions by comparing their Sr-Nd isotopic features. Sun (2005) studied the Sr-Nd isotope geochemistry of the eolian profile in the Chinese Loess Plateau during the past 8 Ma and explored variations in the provenance of the eolian deposit and its influences. Successful application of this method was attributed to two causes as follows:
(1) 87 (Grousset and Biscaye, 2005) . Therefore, Sr-Nd isotopes have great potential to trace the provenance and transportation of geologic materials.
So far, several authors such as Liu et al. (1994) , Yokoo et al. (2004) and Nakano et al. (2004) simply discussed the relationship between the northern desert and the Chinese Loess Plateau using Sr-Nd isotope geochemistry. As a whole, a detailed and systematic study in this field is necessary. In this paper, we focus on the Erdos desert and Chinese Loess Plateau to investigate Sr-Nd isotopic features of <75 µm silicate fractions of their eolian deposits, and discuss the inner relationship of their material sources.
SAMPLES AND EXPERIMENT
The Chinese Loess Plateau (34-40°N; 101-104°E) covers an area of about 440,000 km 2 , accounting for 73% of the total area of Chinese loess. The eastern Loess Plateau is located east of the Luliang Mountain with a height above sea level of between 2000 and 2800 m, whereas the western-central Loess Plateau lies west of the Luliang Mountain. Eolian deposits are continuous in the Chinese Loess Plateau. Its entire sequence consists of the Holocene loess (S 0 ), the late Pleistocene Malan loess (L 1 ), the middle Pleistocene Lishi loess, the early Pleistocene Wucheng loess and the Tertiary red clay, overlying the Tertiary, Jurassic and Cretaceous sandstones (Liu, 1985) . The modern climate of the Chinese Loess Plateau is subhumid and semiarid with mean annual temperature, precipitation and evaporation of 7-12°C, 300-700 mm and 900-3500 mm, respectively, which are controlled by the East Asian monsoon system. Mobile sand covers 2.25 × 10 4 km 2 in the Erdos desert surrounded by Helan Mountain (>3000 m above sea level) in the west, Yin Mountain (1500-2300 m above sea level) in the north, and Luliang Mountain in the east, and bordering the Loess Plateau in the south. Yellow River separates the Erdos desert from these mountains. Desert sand is intercalated with loess material in the transitional zone between the Erdos desert and Chinese Loess Plateau. The desert is of semi-steppe with mean annual temperature, precipitation and evaporation of 5-8°C, 240-440 mm and 1800-2700 mm, respectively (Zhu et al., 1980) . The Erdos desert actually consists of the Hobq and Mu Us deserts. The Hobq desert lies in the north and the Mu Us desert is situated in the south of the Erdos desert (Fig. 1) . In this study, 5 and 9 surface sand samples are collected from the Mu Us and Hobq deserts, respectively, and 6 and 7 eolian deposit samples are taken from the eastern and western-central Loess Plateau, respectively ( Fig. 1 and Table 1 ). The <75 µm fraction of eolian sand is picked out using the methods of wet-sieving and centrifugation, and is chosen as the research object due to two reasons: One is that the <75 µm fraction mostly suspends whereas the >75 µm fraction mainly springs or rolls during the dust storm (Chen, D. et al., 1999) , the other is that grain size of more than 90% of eolian deposit in the Chinese Loess Plateau is <75 µm in grain size (Sun, 2004) .
About 1 g of each sample for eolian deposits from the Loess Plateau and the <75 µm fractions of surface sand from the Erdos desert was dipped in 0.5 mol/L acetic acid solution at room temperature for >4 h. Following this, the residues (the silicate fractions) of these samples were separated for Sr-Nd isotope analysis . At the same time, the different grain-size fractions of sample No. 5 without chemical pretreatment were also used for Sr-Nd isotope analysis. Sr-Nd isotopic ratios were measured using a Finnigan Triton TI mass spectrometer at the Department of Earth Sciences, Nanjing University. Sr/ 86 Sr for the NIST987 Sr standard was 0.710268 ± 0.000007 (2σ standard deviation, n = 8), and 143 Nd/ 144 Nd for the La Jolla Nd standard was 0.511842 ± 0.000006 (2σ standard deviation, n = 6). Total blanks were 100 pg for Sr and 80 pg for Nd, and negligible for the determination of isotopic compositions.
RESULTS AND DISCUSSION

Grain sizes of eolian sand in the Erdos desert
In order to know the grain-size distribution of eolian sand, eolian sand samples 4, 5, 6 and 13 are separately graded into eight levels by using the methods of wetsieving and centrifugation: >830 µm, 830-250 µm, 250-100 µm, 100-75 µm, 75-45 µm, 45-28 µm, 28-2 µm and <2 µm. Figure 2 shows the mass percentages of the dif- ferent grain-size fractions of eolian sand with relative error of 1%. The grain size of eolian sand mostly falls in the range of <830 µm. Coarse-grained fractions are dominant, whereas fine-grained fractions are quite small. In particular, the <75 µm fractions are less than 8% and the <2 µm fractions are below 0.4%.
Sr-Nd isotopes of eolian sand in the Erdos desert
For the Mu Us desert, the ε Nd (0) value of the <75 µm silicate fraction of eolian sand varies from -13.4 to -17.2 with a mean value of -15.2 and 87 Sr/ 86 Sr ratio varies from 0.717045 to 0.714824 with an average of 0.716283. For the Hobq desert, the ε Nd (0) value of the <75 µm silicate fraction ranges from -11.8 to -16.3 with a mean value of -13.4 and 87 Sr/ 86 Sr ratio ranges from 0.719218 to 0.714988 with an average of 0.716627. As a whole, the ε Nd (0) value of the <75 µm silicate fraction of eolian sand ranges from -11.8 to -17.2 with an average of -14.1 and 87 Sr/ 86 Sr ratio ranges from 0.719218 to 0.714824 with an average of 0.716504 in the Erdos desert (Table 1 and Fig.  3 ).
There are apparent changes in Sr-Nd isotopic compositions of the <75 µm silicate fractions of eolian sand from one site to another in both the Mu Us desert and the Hobq desert, notably that ε Nd (0) values are higher in the west than in the east of deserts, implying different sources of fine-grained silicate fractions in different sites of the deserts. However, Sr-Nd isotopic compositions of the <75 µm silicate fractions of eolian sand in the Hobq desert have broadly similar ranges and averages to those in the Mu Us desert, suggesting the fine-grained silicates in the two deserts probably have similar models in origin.
Sr and Nd isotopic ratios of grain-size fractions of the eolian sand sample No. 5, which are plotted in Fig. 4 , range from -13.1 to -18.0 and from 0.716780 to 0.714028, respectively. Sr and Nd isotopic ratios change significantly and irregularly with grain size. However, it is still worth pointing out that 87 Sr/ 86 Sr ratios and ε Nd (0) values are remarkably lower in the >100 µm fractions than in the <2 µm fractions of eolian sand, suggesting different provenances. (Fig. 5) . Up to now, many investigations have been made on Sr-Nd isotope geochemistry of the Chinese Loess Plateau, but motivations and methods of these investigations were different from each other (Table 2). Based on previous and present data (142 couple of isotope data), a dominant majority of ε Nd (0) data fall in a very narrow range of -9.2~-11.2 except few ε Nd (0) values of >-9.0 in the western-central Loess Plateau (Table  2 and Fig. 6 ). Some authors considered ε Nd (0) values of >-9.0 as a result of circum-Pacific volcano (Wang et al., 2007) . Nd isotope ratios of eolian deposits in the Chinese Loess Plateau is independent of particle sorting and chemical weathering but only depends on its parent rocks (Rao et al., 2006) . Thus, the small discrepancy among a multitude of ε Nd (0) values suggests that the eolian deposit in the western-central Loess Plateau has a nearly uniform source area. However, ε Nd (0) values of the eolian deposit fluctuate widely between -11.04 and -16.19 in the eastern Loess Plateau, indicating the variable source areas. Apparently, the difference in Nd isotope ratio between the eastern and western-central Loess Plateau suggests a different provenance for their eolian deposits. The eolian deposit of the Chinese Loess Plateau shows a large variation in Sr isotope composition, mainly due to different research objectives and methods adopted by researchers. Here, eolian profiles of the western-central Loess Plateau with relatively constant ε Nd (0) values are taken as examples to be discussed. Sun (2005) chose the 2.5 mol/L HCl leaching residue of <20 µm eolian deposit in Jingchuan profile as their research object, Wang et al. (2007) took the 0.5 mol/L HOAc leaching residue of eolian deposit in Lingtai profile as their research object, and Gallet et al. (1996) and Jahn et al. (2001) bulk sample in Luochuan, Xifeng, Xining and Jixian profiles as theirs. As Fig. 6 and Table 2 show, Sr isotope ratio is the lowest in the bulk sample, middle in the 0.5 mol/L HOAc leaching residue of eolian deposit, and the highest in the 2.5 mol/L HCl leaching residue of <20 µm eolian deposit. This result is identical to our previous conclusions: the Sr isotope ratio of the eolian deposit increases as chemical weathering strengthens (Rao et al., 2006) .
Sr-Nd isotopes of eolian deposits in the Chinese
The provenance of eolian sand in the Erdos desert
So far, a majority of researchers agreed that eolian sand of the Erdos desert mainly originated from reworking of materials including basement rocks, underlying sand layers and fluvial-lacustrine deposits in this desert (Zhu et al., 1980; Dong et al., 1983; Sun, 2000) . In fact, coarse-grained materials in the Erdos desert originated directly from the Erdos areas. There are several reasons for this: firstly, the Erdos desert is geologically located on the old Erdos Block whose continental core concreted 2600 Ma ago (Ma, 2002) . Isotopic analysis of different grain-size fractions of the sand sample No. 5 showed that ε Nd (0) values of coarse-grained fractions (>100 µm) was around -18 (Fig. 4) , falling within the ε Nd (0) range of the old crust. Secondly, our granulometric analysis shows that the >75 µm fractions of the desert sand occupy >90% whereas the <75 µm fractions represent less than 10% (Fig. 2) . Finally, as for specific geography, the Erdos desert is situated in the pathways of the East Asian monsoon and the westerly, faces Helan Mountain to the west and Yin Mountain to the north, and is separated from mountains by Yellow River. Because the coarse sand usually springs and rolls during the dust storm, the coarsegrained materials in the remote potential source areas lying upwind of the Erdos desert seldom reach this desert.
The provenance and genetic mechanism of the finegrained sand (<75 µm) in the Erdos desert are not clearly yet known. It has been recently reported that the finegrained fractions of eolian sand in the Erdos desert came from the Gobi and surrounding mountain regions lying upwind of this desert (Sun, 2002) . However, we propose that fine-grained materials in the Erdos desert are ultimately controlled by both parent rock weathering in the Erdos region and the input of fine-grained materials in potential source areas lying upwind of this desert. There are several reasons as follows: Firstly, Prevailing winds are near-surface northerly-northwesterly and upper-level westerly throughout Northwest China. The Erdos desert lies in the pathways of the two winds. Fine-grained materials generally suspend in the atmosphere during the dust storm. Therefore, fine-grained materials in the potential source areas lying upwind of the Erdos desert can pass over the neighboring mountains during the atmospheric transportation and then probably precipitate in this desert. For example, near-surface northerly-northerwesterly perhaps carried various types of fine clastic materials in the Helan or Yin Mountains and fine-grained sand in other deserts (Gurbantunggut, Badan Jaran and Tengger) into the Erdos desert. Upper-level westerly also probably took fine-grained materials in the Qinghai-Tibetan Plateau and Taklimakan desert into this desert (Fang et al., 2004) . Secondly, weathering of various rocks (Tertiary, Jurassic and Cretaceous sandstone, shale and mudstone) and coarse-grained sand are also undoubtedly important sources of fine-grained sand in the Erdos desert. Finally, ε Nd (0) values are about -11 for Tibetan soils and the finegrained moraines of Kunlun Mts. (Chang et al., 2000) , around -5 for fine-grained materials in the Gurbantunggut desert (Liu et al., 1994) , and -10 or so for the residue of surface sand in the Tengger desert . Compared with the materials of the above regions, rocks of the Erdos desert have more negative ε Nd (0) values which can be represented by the ε Nd (0) value (about -18) of the >100 µm silicate fraction of eolian sand (Fig. 4) . ε Nd (0) value of the <2 µm silicate fraction is -13.1 in the Erdos desert (Table 1 and Fig. 4) , and between those of the former two members: fine-grained materials in potential sources and parent rocks in the Erdos desert. It is possible that the former two members were mixed at some ratio, which gives the result that ε Nd (0) Luochuan profile (Gallet et al., 1996) Xining profile (Jahn et al., 2001) Xifeng profile (Jahn et al., 2001) Jixian profile (Jahn et al., 2001) Lingtai profle (Wang et al., 2007) Jingchuan profile (Sun, 2005) Surface soil of WCLP Surface soil of WCLP Surface soil of ELP Lanzhou loess (Nakai et al., 1993) Luochuan loess (Liu et al., 1994) µm silicate fractions are about 5ε unit higher than those of the >100 µm silicate fractions in the Erdos desert. Furthermore, the influence of potential source areas lying upwind of the Erdos desert on fine-grained materials of this desert decreased gradually from the west to east, leading to a great difference of ε Nd (0) values between the west and east (Fig. 7) .
The relationship in material source between the Erdos desert and the Chinese Loess Plateau
The prevailing winter monsoon is mainly near-surface northerly or northwesterly in the Erdos desert lying upwind of the Chinese Loess Plateau (Fig. 7) . There are thus two possibilities for the input of desert sand to the Chinese Loess Plateau. The first possibility is that if the northerly prevailed in the Erdos desert, the desert sand was easily blown into the Chinese Loess Plateau because this desert tightly borders the Loess Plateau and there are not high and large mountains between them. The <75 µm fractions moved at a suspended state into the western-central loess Plateau. The >75 µm fraction sprang or rolled southwards and gradually decreased in grain size due to the attrition and impact among particles or between particles and the earth surface during the dust storm, finally becoming fine-grained fractions precipitating in the western-central loess Plateau. The second possibility is that if the northwesterly was dominant in the Erdos desert, the fine-grained (<75 µm) sand moved at suspended state into the eastern Loess Plateau across the Luliang Mountain but the coarse-grained (>75 µm) sand did not because the coarse-grained sand could not spring or roll across the Luliang Mountain and Yellow river, and only finally entered Yellow River in the role of the riverine sand.
If the first possibility was true, coarse and/or finegrained silicate fractions in the Erdos desert should have had roughly similar Sr-Nd isotopes, especially Nd isotopes to the silicate fraction in the western-central Loess Plateau. In fact, their isotopic compositions are greatly different (Figs. 6 and 7) , and the variation of Nd isotope composition with grain size for the <75 µm sand in the Erdos desert (Fig. 4) is also different from that for eolian deposits in the central Loess Plateau (Rao et al., 2006) . Therefore, the Erdos desert is not a main source area of eolian deposits in the western-central Loess Plateau. SrNd isotopes, especially Nd isotopes of eolian silicate materials in the eastern Loess Plateau are different from those of the <75 µm silicate materials in the eastern Erdos desert but relatively close to those of the <75 µm silicate materials in western Erdos desert. Eolian deposits in the eastern Loess Plateau could result from mixing of the <75 µm fractions of eolian sand from both the east and west parts of the Erdos desert by the wind ➁ (Fig. 7) . The western Erdos desert could provide more fine eolian deposits whereas the eastern Erdos desert could provide less fine eolian deposits for the eastern Loess Plateau. In addition, in the ε Nd (0)-87 Sr/ 86 Sr diagram (Fig. 6) , the field of the eolian sand samples from the Erdos desert mostly overlaps that of the eolian deposit samples from the eastern Loess Plateau. In comparison with those of eolian silicates in the western-central Loess Plateau, the Sr-Nd isotopes, especially Nd isotopes of eolian silicates in the eastern Loess Plateau are closer to those of fine-grained silicates in the Erdos desert. Thus, the Sr-Nd isotopic evidence supports the second possibility, and also reveals that the Erdos desert serves as a main supplier of finegrained materials for the eastern Loess Plateau. Based on the discussion of the desert provenance, eolian deposit of the eastern Loess Plateau partly originated from parent rock weathering in the Erdos desert, and was partly supplied by the potential source regions lying upwind of the Erdos desert. All in all, there are both relationships and differences in genetic mechanism of source materials between the Erdos desert and eastern Loess Plateau.
CONCLUSIONS
Sr-Nd isotope geochemistry of eolian deposits in the Erdos desert and Chinese Loess Plateau was investigated. As a result, there are four significant conclusions as follows:
1. Sr-Nd isotopic compositions, especially Nd isotopic compositions change irregularly with grain size. However, it is worth noticing that the >100 µm silicate fractions probably have different provenance from the <2 µm silicate fractions in the Erdos desert.
2. Sr-Nd isotopes of <75 µm silicate fractions are greatly variable in the Erdos desert. In particular, ε Nd (0) values are higher in the west but lower in the east of this desert. The fine-grained materials were mainly controlled by parent rock weathering in the Erdos region and the input of fine materials in potential source areas lying upwind of this desert. Moreover, the influence of potential source areas on fine-grained materials in the Erdos desert decreased gradually from the west to east of this desert.
3. Sr isotopic compositions of eolian deposits in the western-central Loess Plateau were significantly influenced by not only parent rocks but also grain size and chemical weathering, but Nd isotope composition only depends on its geological derivation. So, a small variation of eolian Nd isotopes in the western-central Loess Plateau indicates a uniform source area. The eastern Loess Plateau has distinct isotopic features of eolian deposits from the western-central Loess Plateau, suggesting eolian deposits of the two sub-areas are different in provenance.
4. Sr-Nd isotopic features of fine silicate fractions in the Erdos desert are observably different from those of eolian silicates in the western-central Loess Plateau, but roughly close to those of eolian silicates in the eastern Loess Plateau, showing that the Erdos desert has broadly similar source regions to the eastern Loess Plateau but not closely related to the western-central Loess Plateau.
